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TITLE OF THE INVENTION 
Iron Golf Club and Golf Club Set 

This application claims priority from Japanese Patent Application Serial No. 
2000-314678 filed October 16, 2000. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an iron golf club (hereinafter, simply referred 
to as a "cavity iron") having a cavity portion on the rear surface side of the face portion 
and a golf club set, and more specifically, to a cavity iron golf club provided on a 
surface of a sole portion defining the cavity portion with a groove for adjusting a 
thickness of the face portion while increasing an effective face length and a golf club 
set having such a golf club. 

Description of the Background Art 

Conventionally, a cavity iron golf club is known in which a sole portion is 
formed in an undercut-shape in order to achieve weight reduction and to position the 
centroid position toward the rear side of the face, i.e. deepening the centroid. This type 
of iron golf club head is disclosed, for instance, in Japanese Utility Model Publication 
No. 5-27951. 
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Fig. 23 is a cross sectional view of an iron golf club head disclosed in Japanese 
Utility Model Publication No. 5-2795 1 . 

As shown in Fig. 23, a head portion 1 includes a cavity portion 2, a face 
portion 3 having a ball hitting surface, and a sole portion 4. An undercut surface 5 is 
formed by slanting the surface of sole portion 4 defining cavity portion 2. In this 
manner, by forming undercut surface 5, the centroid depth can be deepened while 
achieving weight reduction of head portion 1. 

In the above document, however, no mention is made of the thickness of face 
portion 3, and the thickness of face portion 3 is uniform as shown in Fig. 23. 

The cavity iron of the type shown in Fig. 23 has excellent directivity of the hit 
ball, but also has the problem that improvement in carry cannot be achieved. 

In addition, since the thickness of face portion 3 is uniform, the cavity iron of 
Fig. 23 had the problem of significant reduction in the carry in the case of an offset 
strike where a golf ball is struck at a location other than the sweet spot. 

SUMMARY OF THE INVENTION 

The present invention is made to solve the above problems. The object of the 
present invention is to deepen the centroid depth of a golf club head, to increase the 
moment of inertia in the toe-heel direction, and to improve the directivity of the hit ball 
while preventing too great a reduction in the carry upon an offset strike in a cavity iron 
golf club. 
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An iron golf club according to the present invention is provided with a head 
portion having a cavity portion, a face portion, and a sole portion, and a groove 
extending along the face portion is provided on a surface on the cavity portion side of 
the sole portion, and a thickness of a ball hitting portion in the face portion is made 
greater than a thickness of a top edge side portion of the face portion located between 
the ball hitting portion and a top edge portion and at least as thick as a thickness of a 
sole side portion of the face portion that is located between the ball hitting porticn and 
the sole portion and that extends along the groove. 

By providing the groove on the surface on the cavity portion side of the sole 
portion as described above, an effective face length can be lengthened. Here, the 
effective face length refers to a length of a portion of the face portion that can flex when 
hitting a ball, and is a length in the direction from the sole portion toward the top edge 
portion. By lengthening the effective face length, the face portion becomes more 
flexible, and thus, the restitution property of the face portion can be improved. 
Moreover, by making the thickness of the ball hitting portion in the face portion greater 
than the thickness of the top edge side portion and the thickness of the sole side portion 
of the face portion, the face portion becomes even more flexible, and the restitution 
property of the face portion can be effectively improved. Furthermore, by providing 
the groove, the centroid depth of the golf club head becomes deeper, so that the 
moment of inertia can be increased and the directivity of the hit ball can be improved. 

The thickness of the ball hitting portion is made greater than a thickness of a 
toe side portion of the face portion located between a toe portion of the head portion 
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and the ball hitting portion and greater than a thickness of a heel side portion of the face 
portion located between a heel portion of the head portion and the ball hitting portion. 
In this case, also, the face portion can be made more flexible and the restitution 
property of the face portion can be improved. In addition, formation by forging is 
5 preferable in order to make the thickness thin while maintaining strength in the toe side 
portion and the heel side portion. 

The toe side portion includes a first region located cr. the top edge portion side 
and a second region located on the sole portion side, and the heel side portion includes 
a third region located on the top edge portion side and a fourth region located on the 
10 sole portion side. In this case, a thickness of the first region is preferably made smaller 
than a thickness of the second region, and a thickness of the third region is preferably 
made smaller than a thickness of the fourth region. Thus, the face portion can be made 
even more flexible and the restitution property of the face portion can be improved. 

Preferably, the height of a base surface of the groove from a base surface of 
15 the sole portion is made lower on the heel portion side than on the toe portion side. 

Normally, the height of the face of the iron golf club head is made higher on 
the toe portion side and lower on the heel portion side. By making the height of the 
base surface of the groove from the base surface of the sole portion lower on the heel 
portion side than on the toe portion side, the effective face length can be lengthened on 
20 the heel portion side as well. Consequently, the effective face lengths can be made 
equal on the toe portion side and the heel portion side so that the restitution property 
can be improved even when a ball is struck on the toe portion side or on the heel 
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portion side in the case of the offset strike. 

The sole portion includes a projected wall portion that defines one of side 
walls of the groove and that rises along the face portion toward the top edge portion. 
This projected wall portion has a trapezoid-like shape, for instance. 
5 As described above, by providing the projected wall portion behind the face 

portion, the centroid depth can be deepened and the directivity of the hit ball can be 
improved. 

A through hole is provided in the sole portion such that it reaches the cavity 
portion from the base surface of the sole portion, and the groove may be provided by 

10 attaching a blocking member that closes an end portion on the base surface side of the 
sole portion in the through hole. Thus, a deep groove can be formed in the sole portion 
along the face portion, and the effective face length can be lengthened. 

The specific gravity of a material composing the blocking member is 
preferably made greater than the specific gravity of a material composing a head 

15 portion body. Thus, the centroid position of the golf club head can be lowered. 

A back side portion located behind the face portion in the head portion may be 
formed by a back part which is a separate member from the head portion body. In this 
case, by attaching the back part to the head portion body, the groove is provided 
between the head portion body and the back part. In this manner, by making the back 

20 side portion of the head portion a separate member from the head portion body, a deep 
groove can be formed in the sole portion along the face portion and the effective face 
length can be lengthened, as in the case where the through hole is provided as described 
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above. 

The specific gravity of a material composing the back part is preferably made 
greater than the specific gravity of a material composing the head portion body. Thus, 
the centroid depth of the golf club head can be made deeper, while lowering the 

5 centroid position; - 

In one aspect, a golf club set according to the present invention includes a long 
iron golf club (forinstance, No. 1 to No. 4 iron golf clubs), a middle iron golf club (for 
instance, No. 5 to No. 7 iron golf clubs), and a short iron golf club (for instance, No. 8 
iron golf club to a sand wedge). Each of the long iron golf club, the middle iron golf 

10 club, and the short iron golf club is provided with a head portion having a cavity 

portion, a face portion, and a sole portion, and is provided with a groove extending 
along the face portion on a surface on the cavity portion side of the sole portion. The 
depth of the groove in a center portion of the face portion of the long iron golf club is 
greater than the depth of the groove in a center portion of the face portion of the middle 

15 iron golf club, and the depth of the groove in the center portion of the face portion of 
the middle iron golf club is greater than the depth of the groove in a center portion of 
the face portion of the short iron golf club. 

As described above, by gradually making the depth of the groove provided in 
the sole portion deeper from a short iron golf club toward a long iron golf club, greater 

20 increase in the effective face length and thus higher restitution property can be achieved 
toward the long iron golf club of which long carry is demanded, and a golf club set 
whose emphasis is on improved carry can be provided. 
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In another aspect of the golf club set according to the present invention, a 
groove extending along the face portion is provided on a surface on the cavity portion 
side of the sole portion of each of the long iron golf club and the middle iron golf club, 
and the depth of the groove in a center portion of the face portion of the long iron golf 
club is made greater than the depth of the groove in a center portion of the face portion 
of the middle iron golf club, while the groove extending along the face portion is not 
provided on a surface on the cavity portion side of the sole portion of the short iron golf 
club. In this case, also, the same effects as those obtained in the above-described one 
aspect can be achieved. 

The foregoing and other objects, features, aspects and advantages of the 
present invention will become more apparent from the following detailed description of 
the present invention when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram of a head portion of an iron golf club according to the 
present invention viewed from a rear surface side of a face. 

Fig. 2 is a diagram of the head portion of the iron golf club according to the 
present invention viewed from a face surface side. 

Fig. 3 is a cross sectional view taken along a line ni-HI in Fig. 1 . 

Fig. 4 is a cross sectional view taken along a line IV-IV in Fig. 1 . 
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Fig. 5 is a cross sectional view taken along a line V-V in Fig. 1 . 
Fig. 6 is a cross sectional view taken along a line VI- VI in Fig. 1. 
Fig. 7 is a cross sectional view of another embodiment taken along a line III- 
HlinFig. 1. 

Fig. 8 is a cross sectional view of another embodiment taken along a line IV- 
IV in Fig. 1. 

Fig. 9 is a cross sectional view of another embodiment taken along a line V-V. 
in Fig. 1. 

Fig. 10 is a cross sectional view of another embodiment taken along a line VI- 
VI in Fig. 1. 

Fig. 1 1 is a rear view of a head portion of a cavity iron golf club of another 
example according to the present invention. 

Fig. 12 is a cross sectional view taken along a line XII-XII in Fig. 11. 

Fig. 13 is a cross sectional view taken along the line XII-XII of a modification 
of the example shown in Fig. 1 1 . 

Figs. 14 to 16 are cross sectional views respectively showing the first to third 
steps in the manufacturing steps of a head portion of an iron golf club shown in Fig. 13. 

Fig. 17 is a cross sectional view of a modification of the head portion shown in 

Fig. 13. 

Fig. 1 8 is a rear view of a head portion of a cavity iron golf club of a further 
example according to the present invention. 
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Fig. 19 is a cross sectional view taken along a line XIX-XIX in Fig. 18. 

Fig. 20 is a diagram related to a description of a method of manufacturing a 
head portion shown in Fig. 18. 

Fig. 21 A is a rear view of a head portion in a short iron golf club according to 
the present invention. 

Fig. 21B is a rear view of a head portion in a long iron golf club according to 
the present invention^ 

Figs. 22 A to 22C are cross sectional views of head portions in a long iron golf 
club, a middle iron golf club, and a short iron golf club, respectively. 

Fig. 23 is a cross sectional view of a head portion in a conventional cavity 

iron. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The embodiments of the present invention will be described below with 
reference to Figs. 1 to 21 . Fig. 1 is a rear view of a head portion 1 of a No. 5 iron golf 
club (middle iron golf club) according to the present invention viewed from a rear 
surface side of a face. Fig. 2 is a front view of head portion 1 viewed from a face 
surface (ball hitting surface) side. A shaft and a grip are not shown in Figs. 1 and 2. 

As shown in Figs. 1 and 2, head portion 1 is provided with a cavity portion 2, a 
face portion 3, a sole portion 4, a groove 6, a top edge portion 7, a toe portion 8, a heel 
portion 9, and a projected wall portion 16. 
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Head portion 1 can be formed by forging and machining a soft steel member, 
for instance. Cavity portion 2 is provided on a rear surface side of face portion 3. By 
providing cavity portion 2, head portion 1 can be made lighter in weight. 

As shown in Fig. 2, face portion 3 includes a ball hitting portion 1 1, a top edge 
side portion 12, a sole side portion 13, a toe side portion 14, and a heel side portion 15. 

Ball hitting portion 1 1 is a portion of high restitution (for instance, having a 
coefficient of restitution of 0.9 or greater) which is mainly expected to hit a ball, and 
includes a sweet spot 10 and its surrounding region. 

Now, a method of measuring the coefficient of restitution will be described. 

First, the face surface of an iron golf club head is held vertically to the ground 
and to a golf ball with which it makes the impact. The golf ball is caused to impact a 
center of a score line of the golf club or its sweet spot position, and a ball speed Vin 
before the impact (Vin = 44 ± 0.5 m/s in the present testing method) and a ball speed 
Vout after the impact are measured using a speed meter having an optical sensor. 
Using the measured Vin and Vout and the following formula (1), a coefficient of 
restitution COR is calculated. 

Vout/Vin = (COR x M - m) / (M + m) ... (1) 

Here, M is the mass of the iron head, and m is the mass of the golf ball. As a 
golf ball, Pinnacle Gold LS commercially available from Acushinet Company is used. 
An average weight of the golf balls is 45.4 ± 0.4 grams, and during the test, the golf 
balls are kept in a room maintained at 23 + 1 °C. 
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The thickness of face portion 3 in ball hitting portion 1 1 is 3.7 mm, for 

instance. 

Top edge side portion 12 is located between ball hitting portion 1 1 and top 
edge portion 7. The thickness of face portion 3 in top edge side portion 12 is 3 mm, for 
5 instance. Thus, the thickness of ball hitting portion 1 1 is greater than the thickness of 
top edge side portion 12. 

Sole side portion 13 is located between ball hitting portion 1 1 sole portion 
4. The thickness of face portion 3 in sole side portion 13 is 3.1 mm, for instance. Thus, 
the thickness of ball hitting portion 1 1 is greater than the thickness of sole side portion 
10 13. 

By making the thickness of ball hitting portion 1 1 greater than the thickness of 
top edge side portion 12 and the thickness of sole side portion 13 as described above, 
face portion 3 can be made flexible, and the restitution property of face portion 3 can be 
improved. 

15 Toe side portion 14 is located between ball hitting portion 1 1 and toe portion 

8. The thickness of face portion 3 in toe side portion 14 is 2.5 mm to 3.0 mm, for 
instance. Toe side portion 14 includes a first region located on top edge portion 7 side 
and a second region located on sole portion 4 side. The thickness of the first region is 
2.5 mm, for instance, and the thickness of the second region is 3.0 mm, for instance. 

20 Heel side portion 1 5 is located between ball hitting portion 1 1 and heel portion 

9. The thickness of face portion 3 in heel side portion 15 is 2.5 mm to 3.0 mm, for 
instance. Heel side portion 15 includes a third region located on top edge portion 7 side 

0790402.01 - 1 1 ~ 



and a fourth region located on sole portion 4 side. The thickness of the third region is 

2.5 mm, for instance, and the thickness of the fourth region is 3.0 mm, for instance. 

By making the thickness of ball hitting portion 1 1 greater than the thickness of 

toe side portion 14 and the thickness of heel side portion 15 as described above, face 
5 portion 3 can be made even more flexible. This also can contribute effectively to the 

improvement of the restitution property of face portion 3. 

Sole portion 4 has groove 6 as shown in Fig. 1. Fig?. 3 to 6 respectively chov/ 

the cross sectional views taken along a line III-III, a line IV-IV, a line V-V, and a line 

VI- VI of head portion 1 shown in Fig. 1 . 
10 Groove 6 can be formed by machining (cutting) a surface on cavity portion 2 

side in sole portion 4. For instance, the cutting edge angle for machining relative the 

face surface is set to 5 to 6 degrees, for instance, and the cutting is performed from a 

surface of sole portion 4 along a line C-C shown in Fig. 3 to form groove 6 having a 

width of about 6 mm. 

15 Groove 6 extends in a direction from toe portion 8 toward heel portion 9 as 

shown in Fig. 1, and a base surface of groove 6 is closer to a base surface of sole 
portion 4 on heel portion 9 side than on toe portion 8 side. Thus, a height H from a 
point of contact that sole portion 4 makes with the ground when addressing the iron 
golf club to a base surface of groove 6 is lower on heel portion 9 side than on toe 

20 portion 8 side, and a minimum height HI of the base surface of groove 6 is located 

toward heel portion 9 side from a face center portion in the direction from toe portion 8 
toward heel portion 9. 
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Height H of the base surface of groove 6 changes in the direction from toe 
portion 8 toward heel portion 9. In the cross section of Fig. 3, height H of the base 
surface of groove 6 is 1 1 mm, and a depth D of groove 6 is about 8 mm. In the cross 
section of Fig. 4, height H of the base surface of groove 6 is 13 mm, and depth D of 
groove 6 is about 7 mm. In the cross section of Fig. 5, height H of the base surface of 
groove 6 is 13.5 mm, and depth D of groove 6 is about 6.5 mm. In the cross section of 
Fig. 6, height H of the base surface of groove 6 is 16. iron, and depth D of groove 6 is 
about 1 mm. Thus, depth D of groove 6 becomes deeper on heel portion 9 side than on 
toe portion 8 side. 

By providing groove 6 as described above, effective face lengths LI to L4 can 
be lengthened, as shown in Figs. 3 to 6. 

Specifically, an effective face length LI on heel portion 9 side is 24 mm, for 
instance, an effective face length L2 in the face center portion is 27 mm, for instance, 
an effective face length L3 is 31 mm, for instance, and an effective face length L4 on 
toe portion 8 side is 32 mm, for instance. 

In this manner, effective face lengths LI to L4 can be lengthened so that face 
portion 3 can be made even more flexible, and the restitution property of face portion 3 
can be improved. 

As shown in Fig. 3 and so on, projected wall portion 16 defines one of side 
walls of groove 6 and rises along face portion 3 toward top edge portion 7. Projected 
wall portion 16 has a trapezoid-like shape, as shown in Fig 1. 
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In addition, another embodiment of a No. 5 iron golf club will be described 
with reference to Figs. 1, 2, and 7 to 10. The thickness of a face portion 3 in a ball 
hitting portion 1 1 of this iron golf club is 4.3 mm, for instance. A top edge side portion 
12 is located between ball hitting portion 1 1 and a top edge portion 7. The thickness of 
5 face portion 3 in top edge side portion 12 is 3.3 mm, for instance. Thus, the thickness 
of ball hitting portion 1 1 is greater than the thickness of top edge side portion 12. 

A sole side portion 13 is located .between ball hitting portion 1 1 and a sole 
portion 4. The thickness of face portion 3 in sole side portion 13 is 4.3 mm, for 
instance. Thus, the thickness of ball hitting portion 1 1 is the same as the thickness of 
10 sole side portion 13. 

By making the thickness of ball hitting portion 1 1 greater than the thickness of 
top edge side portion 12 as described above, face portion 3 can be made flexible, and 
the restitution property of face portion 3 can be improved. 

A toe side portion 14 is located between ball hitting portion 1 1 and a toe 
15 portion 8. The thickness of face portion 3 in toe side portion 14 is 2.8 mm to 3.3 mm, 
for instance. Toe side portion 14 includes a first region located on top edge portion 7 
side and a second region located on sole portion 4 side. The thickness of the first 
region is 2.8 mm, for instance, and the thickness of the second region is 3.3 mm, for 
instance. 

20 A heel side portion 15 is located between ball hitting portion 1 1 and a heel 

portion 9. The thickness of face portion 3 in heel side portion 15 is 2.8 mm to 3.3 mm, 
for instance. Heel side portion 15 includes a third region located on top edge portion 7 
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side and a fourth region located on sole portion 4 side. The thickness of the third 
region is 2.8 mm, for instance, and the thickness of the fourth region is 3.3 mm, for 
instance. 

By making the thickness of ball hitting portion 1 1 greater than the thickness of 
5 toe side portion 14 and the thickness of heel side portion 15 as described above, face 
portion 3 can be made even more flexible. This also can contribute effectively to the 
improvement of the restitution property of face portion 3 . 

Sole portion 4 has groove 6 as shown in Fig. 1. Figs. 7 to 10 respectively 
show the cross sectional views taken along a line III-III, a line IV-IV, a line V-V, and a 
10 line VI- VI of head portion 1 shown in Fig. 1 . 

Groove 6 can be formed by machining (cutting) a surface on a cavity portion 2 
side in sole portion 4. According to this embodiment, the cutting edge angle for 
machining relative to the face surface is set to 0 degree so as to make groove 6 parallel 
to the face surface, and the cutting is performed from a surface of sole portion 4 along a 
15 line CC-CC shown in Fig. 7 to form groove 6 having a width of about 6 mm. 

Groove 6 extends in a direction from toe portion 8 toward heel portion 9 as 
shown in Fig. 1 , and a base surface of groove 6 is closer to a base surface of sole 
portion 4 on heel portion 9 side than on toe portion 8 side. Thus, a height H from a 
point of contact that sole portion 4 makes with the ground when addressing the iron 
20 golf club to a base surface of groove 6 is lower on heel portion 9 side than on toe 
portion 8 side, and a minimum height HI of the base surface of groove 6 is located 
toward heel portion 9 side from a face center portion in the direction from toe portion 8 
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toward heel portion 9. . 

Height H of the base surface of groove 6 changes in the direction from toe 
portion 8 toward heel portion 9. In the cross section of Fig. 7, height H of the base 
surface of groove 6 is 1 1 mm, and a depth D of groove 6 is about 8 mm. In the cross 
5 section of Fig. 8, height H of the base surface of groove 6 is 13 mm, and depth D of 
groove 6 is about 7 mm. In the cross section of Fig. 9, height H of the base surface of 
groove 6 is 13 .5 mm, and depth D of groove 6 is about 6.5 mm. In the cress section of 
Fig. 10, height H of the base surface of groove 6 is 16 mm, and depth D of groove 6 is 
about 1 mm. Thus, depth D of groove 6 becomes deeper on heel portion 9 side than on 
10 toe portion 8 side. 

By providing groove 6 as described above, effective face lengths L5 to L8 can 
be lengthened, as shown in Figs. 7 to 10. 

Specifically, an effective face length L5 on heel portion 9 side is 24 mm, for 
instance, an effective face length L6 in the face center portion is 27 mm, for instance, 
15 an effective face length L7 is 31 mm, for instance, and an effective face length L8 on 
toe portion 8 side is 32 mm, for instance. 

In this manner, effective face lengths L5 to L8 can be lengthened so that face 
portion 3 can be made even more flexible, and the restitution property of face portion 3 
can be improved. 

20 As shown in Fig. 7 and so on, projected wall portion 16 defines one of side 

walls of groove 6 and rises along face portion 3 toward top edge portion 7. Projected 
wall portion 1 6 has a trapezoid-like shape, as shown in Fig 1 . 
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Like the above-described embodiment, by providing projected wall portion 16 
behind face portion 3, the centroid depth of head portion 1 can be deepened, and the 
directivity of the hit ball can be improved. 

Now, the measured results of the coefficient of restitution, the centroid depth, 
and the moment of inertia in the toe-heel direction of each of the above-described 
embodiment of the present invention and a conventional cavity iron golf club are shown 
in Table!. 



Table 1 





Coefficient of 
restitution 


Centroid depth 
(mm) 


Moment of inertia in toe-heel 
direction (g-cm 2 ) 


Inventive 
product 


0.805 


4.0 


2650 


Conventional 
product 


0.765 


2.7 


2500 



As shown above, the inventive product has a higher coefficient of restitution 
and greater centroid depth and moment of inertia in the toe-heel direction than the 
conventional product. Thus, the inventive product can offer improved directivity of the 
hit ball as well as improved restitution property. 

Now, another example of a cavity iron golf club according to the present 
invention will be described with reference to Figs. 1 1 to 16. 
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Fig. 1 1 is a rear view of a head portion 1 of a No. 5 cavity iron golf club of 
another example according to the present invention, and Figs. 12 and 13 are cross 
sectional views taken along a line XII-XII in Fig. 1 1 . 

As shown in Figs. 12 and 13, according to this example, a through hole that 
reaches a base surface of a sole portion 4 from a cavity portion 2 is formed in sole 
portion 4, and a tungsten plate (blocking member) 19 is press-fitted and fixed to an end 
portion on the base surface side of sole portion 4 in the through hole, thereby forming a 
groove (undercut portion) 6 on the rear surface side of a face portion 3. A base surface 
of groove 6 is defined by tungsten plate 19. 

While an example shown in Fig. 12 is one in which the through hole is formed 
with a slope relative to a ball hitting surface of face portion 3, an example shown in Fig. 
13 is one in which the through hole is formed in parallel to the ball hitting surface of 
face portion 3. In addition, the relation between a thickness of a ball hitting portion in 
face portion 3 and a thickness in a region other than the ball hitting portion in face 
portion 3 shown in Figs. 12 and 13 is the same as that of the case shown in Fig. 1 and 
so on described above. 

By forming a through hole as described above and forming groove 6 by fitting 
tungsten plate 19 into sole portion 4, a depth D of groove 6 can be made greater than 
that in the above-described example. Specifically, depth D of groove 6 can be made to 
be approximately 9 mm (heel portion) to 15 mm (toe portion). 

At this time, a height H from a point of contact that sole portion 4 makes with 
the ground when addressing an iron golf club to a base surface of groove 6 becomes 
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approximately 3 mm (heel portion) to 4 mm (toe portion), and an effective face length 
L9 becomes approximately 26 mm (heel portion) to 38 mm (toe portion). 

Thus, effective face length L9 can be made longer than the above-described 
example, face portion 3 can be made even more flexible, and the restitution property of 

5 face portion 3 can be improved. 

In addition, the distribution of depth D of groove 6 from toe portion 8 to heel 
portion 9 can be made similar to that of the above-described embodiments. Moreover, 
by fitting a member with a large specific gravity such as tungsten plate 19 described 
above to sole portion 4, the centroid position of head portion 1 can be lowered. A 

10 member other than tungsten plate 19, as long as it is made of a material having a 

specific gravity that is greater than that of the material of the head portion 1 body, can 
be used in place of tungsten plate 19. 

Now, a manufacturing method of the example shown in Fig. 13 will be 
described with reference to Figs. 14 to 16. 

15 As shown in Fig. 14, a through hole 23 of a prescribed length is formed in sole 

portion 4 by machining using a ball end mill 17. Through hole 23 is a slot or elongate 
hole that reaches a b&se surface of sole portion 4 from cavity portion 2 along face 
portion 3 and that extends from toe portion 8 toward heel portion 9 of head portion 1 . 
Then, as shown in Fig. 15, a step portion 24 is formed by cutting the base 

20 surface of sole portion 4 around through hole 23 using an end mill 18. Tungsten plate 
19 is press-fitted onto step portion 24 as shown in Fig. 16. Thus, the end portion on the 
base surface side of sole portion 4 in through hole 23 can be blocked with tungsten 
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plate 19, while groove 6 can be formed on the back side of head portion 1. 

Now, a modification of the example shown in Fig. 13 will be described using 

Fig. 17. 

In this modification, as shown in Fig. 17, the shape of a tungsten plate 19 is 
5 varied from that of the example shown in Fig. 13. Specifically, as shown in Fig. 17, the 
thickness of tungsten plate 19 on face portion 3 side is made greater than its thickness 
on projected wall portion 16 side. Consequently, the centroM position of head portion 
1 can be more effectively lowered. 

A depth D of groove 6 in this example is approximately 7 mm (heel portion) to 
10 13 mm (toe portion), a height H from a point of contact that sole portion 4 makes with 
the ground when addressing an iron golf club to a base surface of groove 6 becomes 
approximately 3 mm (heel portion) to 5 mm (toe portion), and an effective face length 
L10 becomes approximately 24 mm (heel portion) to 36 mm (toe portion). 

The arrangement in portions other than that described above is substantially 
15 the same as that in the example shown in Fig. 13. Thus, the effects equivalent to those 
achieved by the example shown in Fig. 13 can be obtained. 

Now, a further example according to the present invention will be described 
with reference to Figs. 18 to 20. Fig. 18 is a rear view of a head portion 1 of a cavity 
iron golf club of a further example according to the present invention, and Fig. 19 is a 
20 cross sectional view taken along a line XIX-XIX in Fig. 18. 

As shown in Fig. 18, in this example, a back part 20 is attached to the head 
portion 1 body. Back part 20 forms a portion of a sole portion 4 as well as a projected 
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wall portion 16 behind a face portion 3. 

As a material for the head portion 1 body, any material that can be formed by 
forging, such as soft steel, stainless steel, and other iron-based alloy materials, 
aluminum, an aluminum alloy, titanium, a titanium alloy, a magnesium alloy and the 

5 like, can be used. 

As a material for back part 20, it is preferable to select a material having a 
larger specific gravity than that of the material for the head portion I body. For 
instance, if the material of the head portion 1 body is aluminum, an aluminum alloy, 
titanium, or a titanium alloy, then soft steel, a stainless steel alloy, a copper alloy, a 

10 cobalt alloy, a tungsten alloy, a nickel alloy and the like may be used as the material of 
back part 20, and if the material of the head portion 1 body is an iron-based alloy 
material such as soft steel and stainless steel, then a copper-based alloy, a tungsten 
alloy and the like may be used as the material of back part 20. 

As described above, by attaching back part 20 to the head portion 1 body, as 

15 shown in Fig. 19, a groove portion (undercut portion) 6 can be formed behind face 

portion 3, and the effective face length can be made longer as in the case of each of the 
examples described above. Thus, the restitution property of face portion 3 can be 
improved. 

In addition, by selecting as a material for back part 20 a material having a 
20 specific gravity greater than that of the material of the head portion 1 body, the centroid 
depth of head portion 1 can be made deeper, while lowering the centroid position of 
head portion 1. 
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Moreover, attaching back part 20 to the head portion 1 body also offers the 
following advantages. 

Although a cavity of a significant size can be formed in an iron golf club head 
produced by casting, there is a disadvantage in that this head provides inferior shot feel 

5 when compared with the head produced by forging. 

On the other hand, it is difficult to form a large undercut cavity by machining 
in the head portion 1 body formed by forging. Particularly, in an iron he-d having a 
large loft angle, it is difficult to increase the cavity area by machining from inside the 
cavity. In addition, normally, there is a portion that is projected backward in the 

10 vicinity of the top edge on the back side of an iron head so that there is a limit to the 
depth that can be achieved by cutting in terms of the angle using a straight cutting 
blade, and even when a cutting blade having a special shape such as a T slot cutter is to 
be employed, there naturally is a limit to the depth that can be achieved by cutting due 
to the restriction of the size of the cavity opening and such. 

15 By attaching back part 20 to the head portion 1 body as described above, 

however, the undercut cavity of a desired size can be formed behind the head portion 1 
body even when the head portion 1 body is formed by forging. As a consequence, head 
portion 1 that offers excellent shot feel and that has a great centroid depth and a low 
centroid position can be provided. 

20 In addition, with the iron head according to the present invention, a deep 

undercut portion can be seen from the outside, and the fact that back part 20 utilizes a 
different kind of material from that of the head portion 1 body can also be perceived 
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from the outside so that a user can play golf while objectively apprehending the 
performance of the iron head according to the present invention. 

Moreover, in this example, the depth and the shape of groove 6, the height 
from a point of contact that sole portion 4 makes with the ground when addressing the 
5 iron golf club to a base surface of groove 6, and the effective face length can be similar 
to those in the example shown in Fig. 13 or in the example shown in Fig. 17. 

In addition, it is also possible to make 4he depth distribution of groove 6 from 
toe portion 8 to heel portion 9 similar to that in each of the examples described 
previously. Moreover, the relation between a thickness of a ball hitting portion in face 
10 portion 3 and a thickness in a region other than the ball hitting portion in face portion 3 
is the same as that of the case shown in Fig. 1 and so on. 

Now, a method of manufacturing the iron heads shown in Figs. 18 and 19 will 
be described using Fig. 20. 

First, a head portion 1 body with integrated hosel and face is produced by 
15 subjecting a bar having a circular cross section to forging process. At this time, a 

cavity portion 2 is made as wide as possible. Particularly, the width of the peripheral 
portion on sole portion 4 side is made narrow. 

A planar portion 25 is formed by forming this peripheral portion to be flat 
during forging or by post-processing such as machining. In addition, during the forging 
20 or the machining, projections (projected portions) or recess portions are provided to 

planar portion 25 in plurality of locations. In the example shown in Fig. 20, projected 
portions 21 are formed in three locations. A smooth curved surface portion may be 
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provided instead of planar portion 25. In this case, a curved surface portion having a 
shape that fits the above curved surface portion should be provided on back part 20 side 
as well. 

On the other hand, back part 20 is formed in a separate step using a material 

5 having a larger specific gravity than that of the material of the head portion 1 body. 
Back part 20 can also be produced by forging and the like. Back part 20 is provided 
wilii recess portions or projeclionb; (projected portions) in locations that correspond to 
the projections (projected portions) or recess portions provided in planar portion 25. In 
the example shown in Fig. 20, recess portions 22 are formed in three locations. 

10 In back part 20 having the above-described structure, the portion that is to abut 

against planar portion 25 is made flat to form a planar portion. The planar portion and 
recess portions 22, also, can be formed by forging, machining and so on. Then, the 
planar portion is superposed to planar portion 25 on the head portion 1 body, and 
projected portions 21 are press-fitted into recess portions 22. 

15 Thus, as shown in Fig. 19, the head portion 1 body and back part 20 can be 

integrated, and head portion 1 having groove 6 having an undercut-shape behind face 
portion 3 can be produced. 

Next, a golf club set according to the present invention will be described. 

The golf club set according to the present invention is includes a long iron golf 

20 club (for instance, No. 1 to No. 4 iron golf clubs) shown in Fig. 2 IB, a middle iron golf 
club (for instance, No. 5 to No. 7 iron golf clubs) shown in Fig. 1 and such, and a short 
iron golf club (for instance, No. 8 iron golf club to a sand wedge) shown in Fig 21 A. 
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Each of the long iron golf club, the middle iron golf club, and the short iron 
golf club is provided with a head portion 1 having a cavity portion 2, a face portion 3, 
and a sole portion 4, and is provided with a groove 6 on a surface on the cavity portion 
2 side of sole portion 4. 

5 In the long iron golf club, a height H of a base surface in a face center portion 

of groove 6 provided is 8 mm and a depth D thereof is 1 1 mm, for instance. In the 
middle iron golf club, a height H of a base surface in a face center portion of groove 6 
provided is 13 mm and a depth D thereof is 7 mm, for instance. In the short iron golf 
club, a height H of a base surface in a face center portion of groove 6 provided is 13 
10 mm and a depth D thereof is 6 mm, for instance. 

Accordingly, as shown in Figs. 22A to 22C, depth D in the face center portion 
of groove 6 provided in the long iron golf club (Fig. 22A) is greater than depth D in the 
face center portion of groove 6 provided in the middle iron golf club (Fig. 22B), and 
depth D in the face center portion of groove 6 provided in the middle iron golf club is 
15 greater than depth D in the face center portion of groove 6 provided in the short iron 
golf club (Fig. 22C). 

As described above, by gradually making the depth of groove 6 provided in 
sole portion 4 deeper from a short iron golf club to a long iron golf club, the effective 
face lengths of the short iron golf club, the middle iron club, and the long iron golf club 
20 can be optimized. 

In addition, groove 6 may be provided on a surface on cavity portion 2 side of 
sole portion 4 of each of the long iron golf club and the middle iron golf club, and depth 
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D of groove 6 in the face center portion of the long iron golf club may be made greater 
than depth D of groove 6 in the face center portion of the middle iron golf club, while 
groove 6 is not provided on a surface on cavity portion 2 side of sole portion 4 of the 
short iron golf club. In this case, also, the same effects as those obtained in the case 
5 described above can be achieved. 

According to the iron golf club of the present invention described above, the 
restitution property of the entire face portion can be, improved so thst the carry era b~ 
ensured even upon an offset strike, and too great a reduction in the carry upon the offset 
strike can be prevented. In addition, the iron golf club head according to the present 
10 invention has a cavity portion and a groove so that the head portion can be reduced in 
weight while the centroid depth can be deepened. 

Thus, according to the iron golf club of the present invention, too great a 
reduction in the carry upon the offset strike can be prevented, while a lighter weight is 
achieved and the centroid depth is deepened. 
15 According to the golf club set of the present invention, the effective face 

length can be lengthened and a higher restitution property of the face portion can be 
achieved in a long iron golf club of which improved carry is demanded, the restitution 
property of the face portion can be improved while the directivity of the hit ball is 
ensured in a middle iron golf club, and the directivity of the hit ball is improved in a 
20 short iron golf club of which is demanded that a shot that drops the ball near the pin be 
produced, which together provide a golf club set that has iron golf clubs with 
performances that match their characteristics. 

0790402.01 -26- 



Although the present invention has been described and illustrated in detail, it is 
clearly understood that the same is by way of illustration and example only and is not to 
be taken by way of limitation, the spirit and scope of the present invention being 
limited only by the terms of the appended claims. 
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